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INTRODUCTION 

Minera ls  i n  coal have been a sub jec t  o f  much i n t e r e s t  du r ing  the past  20 years. 
Ea r l y  s tud ies approached the sub jec t  somewhat i n d i r e c t l y  by means o f  chemical 
ana lys i s  o f  h i g h  temperature ash and back c a l c u l a t i o n  t o  ob ta in  estimates o f  the 
m ine ra l  mat ter  ( 1 ) .  Others supplemented chemical s tud ies  by hand p i c k i n q  the 
coarser  minera ls  o r  making d e n s i t y  separat ions f o r  chemical t e s t s  and o p t i c a l  
microscopic s tud 
pe ra tu re  (<150°Cf i t  became poss ib le  t o  d i r e c t l y  i n v e s t i g a t e  a l l  t he  m ine ra l  
cons t i t uen ts  ( 4 ) .  
composit ion by x-ray d i f f r a c t i o n  methods (5-8) .  
g i ca l  aspects r e l a t e d  t o  minera ls ,  t h e i r  c l a s s i f i c a t i o n  and occurrences i n  coa l ,  
and presents a c o m p i l a t i o n  o f  a v a i l a b l e  data on the  m ine ra log i ca l  composit ion 
i n  coals  from some o f  t h e  major coal basins i n  the Uni ted States.  

(2,3). With the advent o f  r a d i o  frequency ashing a t  low tem- 

Th is  l e d  t o  proqress i n  q u a n t i t a t i v e  analyses o f  t h e  m ine ra l  
Th i s  paper summarizes some geolo- 

CLASSIFICATION OF MINERAL MATTER I N  COAL 

Coal i s  a sedimentary r o c k  composed o f  three ca teqor ies  o f  substances: organic  
carbonaceous ma t te r ,  termed macerals, i no rgan ic  (main ly  c r y s t a l 1  i ne )  minera ls ,  and 
f l u i d s .  
tuents .  The f l u i d s  i n  coa l  p r i o r  t o  min inq a re  main ly  mo is tu re  and methane. Applied 
t o  coal ,  the term m ine ra l  mat ter  i s  an i n c l u s i v e  term t h a t  re fe rs  t o  the  minera lo-  
g i c a l  phases as we l l  as t o  a l l  o the r  i no rgan ic  elements i n  the coal ;  t h a t  is, the 
elements t h a t  a re  bonded i n  va r ious  ways t o  the  orqanic  (C,H,O,N,S) components. 
term minera l  r e f e r s  o n l y  t o  the d i s c r e t e  m ine ra l  phases. 

occur i n  coals; however, o n l y  about 15 a r e  abundant enough t o  have h igh  importance. 
These a r e  l i s t e d  i n  t a b l e  1 a long w i t h  t h e  s to i ch iomet r i c  chemical formula o f  each. 
It must be noted t h a t  minor  i m p u r i t i e s  commonly s u b s t i t u t e  f o r  the major  ca t i ons  as 
w e l l  as some anions which account f o r  a considerable f r a c t i o n  o f  the minor  and t race  
elements repor ted i n  c o a l s  (9-10) .  

Minera ls  i n  coal occur as d i s c r e t e  g ra ins  o r  f l a k e s  i n  one o f  f i v e  phys ica l  
modes: 
(a l so  lenses) wherein f i ne -g ra ined  minera ls  predominate; 3 )  nodules, i n c l u d i n q  
l e n t i c u l a r  o r  spher i ca l  concret ions;  4 )  f i s s u r e s  ( c l e a t  a n d f r a c t u r e  f i l l i n g s  and 
a l so  small  v o i d  f i l l i n g s ) ;  5 )  r o ; k . f r a g m v a s c o p i c  masses o f  rock  reo lace-  
ments of coal as a r e s u l t  o f  f a u  t i n g ,  s umping, o r  r e l a t e d  s t ruc tu res .  

The minera ls  l i s t e d  i n  t a b l e  1 a r e  c l a s s i f i e d  by t h e i r  phys ica l  modes o f  
occurrences. D e s c r i p t i o n  o f m i n e r a l  i m p u r i t i e s  i n  coal deoosi ts ,  based on t h i s  
c l a s s i f i c a t i o n  i s  u s e f u l  i n  a number o f  ways. 
O r  r ock  fragments hamper m in ing  operat ions,  b u t  a r e  e a s i l y  removed by standard coal 
Preparat ion ( c lean inq )  f a c i l i t i e s .  On the o the r  hand, disseminated m ine ra l s  and the 
t h i n n e r  (microscopic) l a y e r s  a r e  n o t  much removed by e x i s t i n q  p repara t i on  f a c i l i t i e s .  
The l a t t e r  two modes a r e  dominated by mixtures o f  i l l i t e ,  quar tz ,  and p y r i t e  
( t a b l e  1). 

The l a t t e r  occur  i n  pores w i t h i n  and between the  o the r  two s o l i d  c o n s t i -  

The 

Because coa l  i s  a t ype  o f  sedimentary rock,  100 o r  so d i f f e r e n t  m ine ra l s  can 

(1) disseminated, as t i n y  i n c l u s i o n s  wi th inmacera ls ;  2) l a y e r s  o r  p a r t i n q s  

Thick l a y e r s  and abundant nodules 
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Useful a l s o  i s  a genet ic  c l a s s i f i c a t i o n  o f  m ine ra l s  i n  coal, wherein they a r e  

D e t r i t a l  m ine ra l s  a re  those t h - d e h  a coay 4forming oeat  
Flakes o f  i l l i t e  c l a y  and micro-  

c l a s s i f i e d  according t o  Mackowsky (11) as d e t r i t a l ,  s n enet ic ,  o r  e i e n e t i c  
( t a b l e  1 ) .  
swamp from s lowly  moving water o r  wind cu r ren ts .  
scopic g ra ins  o f  quar tz ,  f e ldspars ,  z i rcon,  a p a t i t e ,  r u t i l e  and perhaps o the rs  were 
deposited as d i s c r e t e  g r a i n s  which became interbedded w i t h  peat  and u l t i m a t e l y  w i t h  
the r e s u l t a n t  coa l .  
presence o f  c e r t a i n  h i q h  temperature phases. 
de r i ved  from d i s t a n t  volcanoes. 

Syngenetic m ine ra l s  a re  those t h a t  formed w i t h i n  the peat du r ing  the  e a r l y  
stages of i t s  c o a l i f i c a t i o n  - before the peat  was deeply  bu r ied  by  o t h e r  sediments, 
probably by not  more than about 50 f e e t .  
i s  thought t o  have formed i n  s u l f a t e  bear ing peat by b a c t e r i a l  reduc t i on  o f  the s u l -  
fur. Much o f  t h i s  t ype  o f  p y r i t e  has a spher i ca l  form and i s  descr ibed as fram- 
boida l  p y r i t e .  
comprised o f  m ic roc rys ta l  1 i ne  quar tz  and/or hemat i te  formed e a r l y  i n  the development 
of coal .  U l t ra -sma l l  c r y s t a l l i t e s  o f  some m ine ra l s  disseminated w i t h i n  macerals 
may a l s o  be syngenetic i n  o r i g i n ,  notably  micrometer s i zed  c r y s t a l s  o f  k a o l i n i t e  
and poss ib l y  i l l i t e  observed by Strehlow, e t  a l .  ( 1 2 )  and by Wert and Hsieh (13) .  
These c r y s t a l l i t e s ,  as w e l l  as some o f  t he  t i n y  disseminated g ra ins  o f  qua r t z  a r e  
thought by some t o  have c r y s t a l l i z e d  from ino rgan ic  ma t te r  i n h e r i t e d  from the 
o r i g i n a l  p l a n t  m a t e r i a l  (2,3,14). 

Much o f  t he  c a l c i t e  i n  coa ls  as we l l  a s  p a r t  o f  t he  p y r i t e  and k a o l i n i t e  i n  coa ls  
a re  recognized as epigenet ic .  This c lass  o f  minera ls  formed lonq a f t e r  t he  peat  
was consol idated and c o a l i f i e d  enough t o  a l l o w  j o i n t s  t o  develop where i n  these 
minera ls  p r e c i p i t a t e d .  
t he  l a t e  l i g n i t e  o r  e a r l y  subbituminous staqes o f  c o a l i f i c a t i o n .  

Most wind deposited m ine ra l s  a re  recognized as such by t h e  
These a re  therefore, dust  p a r t i c l e s  

Layered deposi ts  o f  these dusts a r e  termed tons te ins .  

Under these cond i t i ons  disseminated p y r i t e  

Nodules o f  peat  m ine ra l i zed  w i t h  va r ious  carbonates and nodules 

Epigenet ic  minera ls  a re  main ly  those found i n  f i s s u r e s  and v o i d  f i l l i n g s .  

For most coals, t h i s  p r e c i D i t a t i o n  probably  occurred d u r i n g  

DISTRIBUTION OF MINERALS I N  COALS 

Typ ica l l y ,  d i f f e r e n t  l aye rs  o f  a seam va ry  considerably  i n  t h e i r  m ine ra l  
m a t t e r  as wel l  a s  s p e c i f i c  m ine ra l  components ( f i g .  1). The t h i n  l a y e r  l abe led  
BB i s  a carbonaceous shale and i t  conta ins the  h iqhes t  amount o f  minera l  matter, 
which i s  main ly  comprised o f  c l a y  ( i l l i t e ,  k a o l i n i t e ,  and smect i te  m ine ra l s )  and 
quar tz .  A t  one s i t e  i n  the mine s tud ied t h i s  l a y e r  was en r i ched in  p y r i t e  (see 
lower  p a r t  o f  the f i g u r e ) .  The p y r i t e  d i s t r i b u t i o n  a t  t he  f o u r  s i t e s  i s  f a i r l y  
cons i s ten t  i n  the upper l a y e r s  a t  each s i t e ,  bu t  t h i s  ep igene t i c  type o f  minera l  i s  
enriched i n  the lowest  l a y e r  a t  three o f  t he  f o u r  s i t e s  ( f i g .  1). 
elsewhere, the cond i t i ons  under which peat  accumulated a r e  thought t o  have been 
f a i r l y  cons i s tan t  over  reg iona l  geographical areas, much as they a re  today i n  e x i s t i n g  
peat  swamps. Therefore, comparisons o f  m ine ra l  ma t te r  between coa ls  a r e  u s u a l l y  
made by comparing analyses o f  channel samples t h a t  represent  a l l  l a y e r s  i n  the  
seam (10) .  

A t  t h i s  mine, and 

ANALYTICAL TECHNIQUES 

There a r e  numerous inst rumenta l  techniques t h a t  can be app l i ed  t o  t h e  charac- 
t e r i z a t i o n  o f  mineal ma t te r  i n  coal .  Probably the most w ide ly  used technique i s  
x - ray  d i f f r a c t i o n  a n a l y s i s  because o f  i t s  a v a i l a b i l i t y  and extens ive development 
by m ine ra log i s t s  (5,6,7). I n f r a r e d  spectroscopy has been success fu l l y  app l i ed  
toward the  analyses o f  common minera ls  found i n  coal  (15) .  D i f f e r e n t i a l  Thermal 
Analys is  (DTA) under n i t r o g e n  atmosphere can be used f o r  the i d e n t i f i c a t i o n  o f  
c e r t a i n  minera ls  (16) by moni tor ing decomposit ion temperatures. Scanning e l e c t r o n  
microscopy w i t h  an energy d i spe rs i ve  x - ray  ana lys i s  accessory u n i t  has been used t o  
i d e n t i f y  var ious m ine ra l s  as hosts  f o r  s p e c i f i c  elements i n  coal  (17,18). The 
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i o n  microprobe has a l s o  been app l i ed  t o  the s tudy o f  m ine ra l s  i n  coal (19 ) .  
Spectroscop 
i n  coal (207. Preconcentrat ing the minera l  ma t te r  i n  coal  by r a d i o  frequency low- 
temperature ashing has been we l l  estab l ished and i s  ex tens i ve l y  p r a c t i c e d  (4,9,14,22). 
I t  e f f e c t i v e l y  removes t h e  carbonaceous mat ter  w h i l e  causing o n l y  minor changes i n  
the  remaining minera ls .  The advantages are h ighe r  s e n s i t i v i t y  f o r  most inst rumenta l  
techniques used. 

Extensive elemental analyses has p r i m a r i l y  been c a r r i e d  ou t  on coal samples o r  
ashes o f  coals  f o r  purposes o f  d i s t r i b u t i o n  s tud ies  and has been reviewed (21). 
Chemical analyses o f  separated coa l  minera ls  a re  a l so  a v a i l a b l e  con f i rm ing  element- 
m ine ra l  assoc ia t i onsder i ved  from f l o a t - s i n k  s tud ies  (14,22). 

Mossbauer 
has r e c e n t l y  become very impor tant  i n  the s tudy o f  i r o n  s u l f i d e  minera ls  

MINERAL COMPOSITION I N  SOME SAMPLES FROM VARIOUS COAL BASINS 

Results o f  m ine ra log i ca l  analyses o f  low temperature ashes by x - ray  d i f f r a c t i o n  
were compiled f rom the  f i l e s  o f  the I l l i n o i s  S t a t e  Geologica l  Survey ( t a b l e  2 ) .  Samples 
rep resen ta t i ve  o f  t he  two most mined coa ls  i n  t h e  I l l i n o i s  Basin p rov ide  a good 
s t a t i s t i c a l  bases f o r  eva lua t i ng  t h i s  basin; however, t h i s  i s  n o t  t he  case f o r  
r e s u l t s  l i s t e d  f o r  o t h e r  basins. 
on these coal bas ins t o  draw many conclusions. Nonetheless, these data were generated 
i n  one labo ra to ry ,  us ing  the  same procedures, and theyp rov ide  a bas i s  f o r  some 
p re l im ina ry  comparisons. The r e s u l t s  show the  t o l l o w i n g  increas ing composit ional 
t rends o f  the mean values, expressed by the s t a t e  abb rev ia t i ons  g i v e n  i n  t a b l e  1. 

To date,  t he re  i s  i n s u f f i c i e n t  m ine ra log i ca l  data 

Mineral ma t te r :  AZ<TN<MT,ND,WY = So.WVcNo.WV<IL<AL<IA 

P y r i t e  (FeS2): AZ = MT,ND,WY = So.WV<TN<AL = IL<No.WV<IA 

The samples from the Black Mesa Basin i n  Arizona i n d i c a t e  the seams mined there are 
l owes t  i n  minera l  ma t te r  and p y r i t e  contents; those i n  Iowa appear t o  be the h ighest  
i n  both o f  these c o n s t i t u t e n t s .  However, the range o f  m ine ra l  contents  i s  genera l l y  
h igh  and d i c t a t e s  t h a t  t h e  q u a l i t y  o f  each depos i t  be considered on i t s  own q u a l i t y  
parameters f o r  p o s s i b l e  feed  s tock  t o  coa l  processing p lan ts .  
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Table 1. Minerals f requent ly  occurring i n  coals ,  t h e i r  stoichometric compositions, 
t h e i r  modes of occurrences, and r e l a t i v e  abundance (11). 

Abundance Chief occurrences 
Mineral Composition Physical* Genetic** in  min. matter 

Clay minerals 
i l l i t e  ( s e r i c i t e ,  KAL, ( A I S i , O l , ) ( O H ) ,  0,L d , s ( ? )  common 

smectite (mixed A1,Si4010(OH)2 - H,O D , L  d , s ( ? )  common 

kaol in i te  group A1 ,Si  ,01 ( O H ) ,  L , F  e , d , s ( ? )  common 

K-mi ca ) 

1 ayered) (with Na, Mg and Others) 

Sulf ides  
pyr i te  FeS, ( isometr ic)  D,N,F s , e  var iable  
marcasite FeS, (orthorhombic) D ( ? )  s ( ? )  ra re  
spha ler i te  ZnS F e ra re  
others :  

Carbonates 

g r e i g i t e ,  galena,  chalcopyrite and  pyr rhot i te  a re  reported as very ra re  

var iable  
dolomite, i n c l .  Ca(Mg,Fe)(CO,), N s ,e var iable  

s i d e r i t e  FeCO, N s ,e var iable  

c a l c i t e  CaCO, N,F e , s  

ankeri te  (Fe) 

Oxides 
hematite Fez03 N S 

q u a r t z  SiO, D , L , N  d 
others :  magnetite and r u t i l e  a re  reported as very rare  

Others 

r a r e  
common 

limonite-goethite FeOOH N e ra re  
a p a t i t e ,  i n c l .  Ca,(P04),(F,C1 , O H )  D d , s ( ? )  r a r e  
su l fa tes ,  mainly gypsum, b a r i t e ,  and several i ron-r ich ones 
feldspars  K(Na)AlSi ,08 D S d ra re  
zircon ZrSiO, D .L d ra re  
others :  many others  reported as very ra re  (11) 

* D = disseminated; L = l ayers  ( p a r t i n g s ) ;  N  = nodules; F = f i s s u r e s  ( c l e a t ) .  
Each mineral l i s t e d  may of ten occur i n  rock fragments within coal beds. 

( c l e a t )  in coal beds); s = syngenetic, f i r s t  s tage of coa l i f ica t ion  (disseminated, 
intimately intergrown with macerals). 
common one in U.S.  c o a l s ;  others  are  reported in  some coal f i e l d s .  

** d = d e t r i t a l ;  e = epigenet ic ,  second s t a t e  of coa l i f ica t ion  (mainly along j o i n t s  

The f i r s t  l i s t e d  occurrence i s  the more 
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Figure 1. Vert ica l  v a r i a t i o n  of mineral mat te r  wi th in  a seam a t  f o u r  s i t e s  
in a l a r g e  mine: 
the upper diagram and t h e  p y r i t e  (FeS2)  f r a c t i o n  below. 
a n a l y s i s  of the  l a y e r s  ind ica ted  t h a t  t h e  upper most l a y e r  a t  
t h r e e  s i t e s  was not present  a t  the f o u r t h ,  shown on the r i g h t .  

the  t o t a l  mineral mat te r  conten t  i s  shown i n  
Geological 

a 


